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Abstract 
This study investigates the relative importance of ‘metric distance’(MD),‘topological distance’(TD) and ‘geo-metrical 
distance’(GMD) in determining the route choice behavior of motorized travelers by mode. The study is based on data which has 
traced the travelers’ actual movements by using mobile GIS applications. MD, TD and GMD were calculated based on space 
syntax tool within a GIS environment. The findings indicated that GMD is more appropriate than MD in case of travelers’ who 
use car and motorcycle, whereas MD is more appropriate than GMD travelers’ who use PT and taxi for mode choice modeling, 
travel demand simulations and automobile navigation systems. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
Modeling travel demand and development of navigation systems have been extensively focused on identifying 
and quantifying the most suitable or optimal path for travelers [1] in the fields of traffic and transport planning and 
engineering. ‘Rational behavior theory’ referring to the domain of traffic assignment has explained that individual 
travelers select the best route that maximizes their utility by comparing all possible alternatives and measuring their 
attributes. Stochastic choice models which explain the route choice behavior of travelers based on a utility function 
assesses the cost of various aspects of the journey with focus to minimize the cost while maximizing the utility. The 
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utility function is a complex measure comprised of many factors such as length, travel time and traffic congestion. 
The function differs by people to people depend on the different levels of their knowledge and the level of 
understanding of the network [2]. However, another cluster of studies including the works of Zhang [3]; Turner and 
Dalton [2]; Jan, Horowitz and Peng [4]; and Tversky [5] have highlighted that the utility function which have been 
developed based on length, congestion, travel time are far away from the actual situation and have been overlooked 
the traveler’s own perceptual and cognitive understanding of the road network. Further, Jiang et al [6] have 
highlighted that “drivers evaluate the alternative routes by individual experience, cognition, and attitudes which are 
not considered in the Expected Utility Theory (EUT) or Random Utility Theory (RUT) models” and Witlox argue 
that travellers’ reported distance estimates may cause a serious bias on maximize their overall utility [7]. When it 
comes to the navigation systems, many automobile navigation systems are developed based on Dijkstra algorithm 
which is known as the shortest-path algorithm. The algorithm identifies the shortest route between an origin and a 
destination in terms of the metric distance [8]. Metric distance is a simple measure that is used in most of the 
navigation systems to identify the best path. But recent route choice experiments have shown that minimizing turns 
is also an important factor determining the route choice of drivers [9] in contrast to the shortest-path algorithm only 
based on metric distance. “The notion of distance that people carry around in their heads, i.e., the so-called 
cognitive, estimated or subjective distance, is very different from the objective, real world distance [10]…. Human 
beings seem to incorporate a far more complex unity of (not always logical) criteria for path selection (i.e., least 
effort, shortest path, shortest time path, etc) which cannot be modelled in one simple algorithm” [7]. Ramming [10] 
has highlighted the need for more ‘human like’ route to be suggested to drivers’ rather confirming mainly to 
metrically the shortest path. Therefore, metric distance-based navigation systems may not be able to capture the 
driver’s intent fully. 
As per the notion of ‘movement economies’, which has been explained in ‘cities as movement economies’, 
people move in lines and tend to approximate lines in more complex routes [11]. This has further suggested that the 
metric distance assumption is may not suitable, “not perhaps because we do not seek to minimize travel distance, but 
because our notions of distance are compromised by the visual, geometrical and topological properties of networks” 
[11]. Further, cognitive behavioral theories of human-way-finding, which is explained in neuroscience, have 
highlighted the role of ‘hippocampi’ in this regard. Hippocampus is a part of the brain that involved in body 
functions such as spatial orientation, navigation, and memorization. It conveys information about places based on 
landmark, unit distance and directional changes [12]. Accordingly, unit distance and directional changes can be 
considered as playing the key role in the route choice of humans. In addition, Dalton [13]; Duckham and Kulik [14]; 
and Hochmair and Frank [15] also have proposed that the directional change might be useful to direct travelers to 
their destination more simply in comparison to the metric distance. Further, Hillier and Iida [16] have argued that 
“topological and geometric complexities are critically involved in how people navigate [movements] urban grids 
[road network]. This has caused difficulties with orthodox urban modelling, since there it has always been assumed 
that…, it will be on the basis of metric distance”. Further to this, researchers’ argued that, past memories, current 
experiences [17]; structure and functional complexity of city [18]; mode and distance of travel [7]  influence on 
individual’s estimate of distance. 
In such background, this paper attempts to substantiate above mentioned statements. Accordingly, this study 
argues that, individual travelers’ route choice has greeter influence from the geo-topological distance (topological 
and geo-metric) than metric distance. This attempt constructively contributes to overcome three limitations which 
have been noted in emerging research in the domains of traffic and transport engineering, and urban planning. First, 
larger cities in the USA, Europe and Australia have been predominately referred in most of the previous studies in 
this domain. Very limited reference has been given to the medium-scale and small-scale cities in South Asia where 
human behaviors driven by diversified socio-cultural forces. Secondly, most of the available studies have been 
focused on either non-motorized movements or aggregated motorized movements. Investigating the impact of 
specific modes used by travelers has been paid a limited attention. Thirdly, most of the studies are based on data 
which people have reported as their route choice. Otherwise the observed traffic flow rates at gate locations. Very 
limited studies are based on the data which traced the actual movements of travelers. The main objective of this 
study was to explain the relative importance of ‘metric distance’, ‘topological distance’, and ‘geo-metrical distance’ 
in determining the route choice behavior of travelers by mode with reference to motorized movements. This paper 
used data on travelers’ actual movements which has traced by using mobile GIS application. A split of four modes 
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was considered discussing the route choice of travelers’.  Colombo, which is an emerging South Asian city of 
Medium-scale, was referred as the case study. ‘Metric distance’ (MD), ‘Topological distance’ (TD), and ‘Geo-
metrical distance’ (GMD) have been calculated employing space syntax technique. When comparing the relative 
importance of these three measures in determining the route choice, it was revealed that GMD as the most important 
factor among either car riders or motorcyclists whereas MD as the most important factor among taxi and PT users.   
The paper has been structured into four sections. In section 2, we described the method of study which was 
employed in recording of the travelers’ movement tracks and identifying the relative importance of routes by 
distance (i.e. MD, TD & GMD respectively). We discussed the results in the section 3. Conclusions and 
recommendations were given in the final section. 
2. Method of study 
2.1. Study area 
The study was conducted in Colombo Metropolitan Area (CMA), which can be considered as the main urban 
agglomeration in Sri Lanka. CMA is one of the medium-scale cities in South Asia with 5.8 million residential 
population and it accounts 30% of the country’s total population (DCS-SL, 2012). 40% of the trips in Colombo are 
made by public modes such as bus and railway. Around 38% of trips are made by private modes including 
motorcycles 14.1%, taxies 12.9% and cars 11.1%. The remaining trips are made by non-motorized transport modes 
[19]. The total number of trips in CMA is around 700,000 per day [19]. 
2.2. Data set - travelers’ route choice behavior 
“The travel behavioral survey based on the questionnaire is not always sufficient for the measurement of travel 
behavior in space–time dimensions” [20]. This study employed open source mobile GIS application imbedded to 
cell-phone in tracing travelers’ movements. The sample included the movements of 250 travelers which have been 
traced within first 4 months of 2015. Travelers were asked to switch on the mobile tracking application which was 
installed in their cell phones, on all the journeys they took for their day to day activities. Each participant responded 
to a survey with questions about socio-economic characteristics (see Table 1.), the importance of various factors in 
choosing a given route and frequency of travelling in the route.  
At the end of the period, the GPS based movements tracks were collected. The movement tracks were 
downloaded and geographically adjusted to road network by using GIS application. The tracks were underwent 
accuracy checking considering the continuity and geographical overlapping referring to the actual road network. 22% of 
tracks were removed due to lack of accuracy and 3,091 tracks were selected for further analysis. Then these tracks were 
assigned to road segments of the study area (see Fig. 1.) and categorized into 31 O-D pairs. O-D locations were 
selected based on the level of concentration of tracks at the points of start and end respectively.  The considered O-D 
points were adjusted to the nearest well-known node (i.e. small town, popular intersection). Referring to these 31 O-
D pairs, 410 routes were identified considering the routes which have been selected by at least one traveler. Distance 
of each route in terms of metric distance (MD), topological distance (TD), and geo-metrical distance (GMD) was 
calculated as per the method introduced by Hillier & Iida [16] (see table 2.) by a space syntax tool embedded to GIS 
application. In space syntax, geo-metrical distance is referred as angular distance.  
  Table 1. The characteristics of the sample of 250 travelers who participated in the survey  
Sex % Mode % Income level (SLR) % Age % 
Male 62 Car 27 <10,000  16 <20 08 
Female 38 Motorcycle (MC) 23 10,000-25,000 46 20-30 26 
  Taxi 26 25,000-50,000           34 30-40 38 
  Public Transport (PT) 24 >50,000 04 40-50 18 
      50-60 07 
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Sex % Mode % Income level (SLR) % Age % 
      >60 03 
Fig. 1.  (a) road network of the study area; (b) travelers’ movement tracks 
Table 2. Methods of calculating the distance 
Metric (MD) Topological (TD) Geo-metric (GMD) - Angular 
   
 
 
 
 
 
 
 
MD is the cumulative ‘metric’ distance 
between two points. 
Ex. DistanceAE = LengthAB+ LengthBC .. 
 =  5+7+10.6+5.7 = 28.3 km 
 
TD is the cumulative number of ‘turns’ 
between two points. 
Ex. DistanceAE 
= Turn at B + Turn at C= 2 turns 
 
GMD is the cumulative ‘angle change’ 
between two points. 
Ex. DistanceAE 
= 90/180×2 + 45/180×2= 1.5  
2.3. Ranking of routes based on distance 
All routes between each O-D pair were ranked based on MD, TD and GMD respectively. For instance, travelers 
who travel from ‘Katubedda’ to ‘Nugegoda’ (refer to Fig.2, i.e., O-D pair ID 10) have used three alternative routes 
(i.e. route 1 in red, route 2 in purple and route 3 in blue in Fig.2.). Fig. 2  shows how these three routes are ranked by 
MD, TD, and GMD values computed by space syntax tool embedded to GIS application.  
It shows that the route ranks are different when organized the data by MD, TD and GMD, respectively. For 
instance, the first rank was obtained by route 1 by MD, route 2 by GMD and route 3 by TD. In order to identify the 
measure which best represent the route choice, route ranks of three methods were compared with the actual number 
of travelers who have chosen the given route. Where there is the strongest inverse relationship between route rank 
and the number of travelers can be considered as the best measure (i.e. out of MD, TD and GMD) in explaining the 
a b 
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route choice of travelers.  For this purpose, this study has compared the movement tracks obtained by 250 travelers 
with the MD, TD and GMD values computed by space syntax tool embedded to GIS application. First level of 
comparison was undertaken without considering the mode of travel, second level with considering the mode of travel 
and third level with considering both mode of travel and journey length. The findings of the study at each level 
discuss how MD, TD and GMD are capable in representing the traveler’s route choice.   
 
 
 
 
 
 
 
Fig. 2.  an example of ranking routes between a selected O-D pair  in terms of MD, TD and GMD 
Histograms below (Fig. 3) indicate the number of travelers’ who selected each route by route rank which has been 
computed by MD, TD and GMD respectively. In all three graphs, the number of travelers shows an inverse 
relationship to route rank.  
 
 
 
 
 
 
 
 
 
 
Fig. 3.  The number of travelers’ (frequency) route choice based on route rank in terms of (a) MD, (b) TD and (c) GMD 
The capability of MD, TD and GMD in explaining the route choice was assessed comparing the cumulative 
percentage distribution of a number of travelers who have chosen each route by route rank derived by MD, TD and 
GMD respectively (see table-3). When referring to rank-1, 23% of travelers’ has traveled on the route which was 
selected as rank-1 according to the GMD whereas only 13% has traveled on the route which was selected as rank-1 
according to the MD. Though this shows GMD better represent the traveler’s route choice compare to MD, this 
requires further investigation. The next sections will investigate this further with reference to mode of travel and 
journey length. Then the number of passengers was categorized based on mode of travel and journey length. Figure 
4 summarized the result of that.  When refer the results pertaining to car or MC users, the results clearly indicated 
that high percentage of travelers (i.e. 59%, 53%, 56% and 52% of car riders who travelled within the range of 5-
10km, 10-15km, 15-20km, 20-25km respectively, and 48%, 44%, 48% and 48% of motorcyclists who travelled 
within the range of 5-10km, 10-15km, 15-20km, 20-25km respectively) who travels along the routes which was 
recorded as rank-1 according to the GMD. In contrast, the percentage of travelers who travels along the route which 
was recorded as rank-1 according to the MD is low (i.e., In the case of cars; for 5-10km it is 46%, 10-15km it is 
23%, 15-20km it is 7% and 20-25km it is 5% and in the case of motorcyclists; for 5-10km it is 39%, 10-15km it is 
15%, 15-20km it is 6% and 20-25km it is 2%). In other words, the percentage gap between number of travelers’ 
(who used Car or MC) who select the top ranked routes (i.e., 1st, 2nd) by GMD and number of travelers’ who selected 
top ranked routes by MD is increased with the journey length. This finding can be substantiated by the claim of 
O-D pair 
ID 
Route 
ID 
MD 
(meters) 
Rank-
MD 
TD  
(no. of links) 
Rank-
TD 
GMD 
 (angular change)  
Rank-
GMD 
10 1 10,833 1 48  2 401.77 2 
2 10,987  3 77  3 243.23 1 
 3 
10,942  2 46  1 767.59 
3 
 
a b c 
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Hiller et al. [21] that is “urban space is locally [shorter journey length] metric and global [longer journey length] 
topo-geometric”.  
Table 3. The cumulative percentage distribution of travelers’ route choice based on route rank in terms of  MD, TD and GMD 
Rank-
MD 
Cum. % 
Travelers 
Rank-MD 
Cum. % 
Travelers 
Rank-TD 
Cum. % 
Travelers 
Rank-TD 
Cum. % 
Travelers 
Rank-
GMD 
Cum. % 
Travelers 
Rank-
GMD 
Cum. % 
Travelers 
1 13% 6 61% 1 20% 6 70% 1 23% 6 69% 
2 29% 7 67% 2 36% 7 73% 2 38% 7 77% 
3 43% 8 71% 3 50% 8 76% 3 48% 8 80% 
4 49% 9 74% 4 58% 9 80% 4 59% 9 83% 
5 57% 10 78% 5 64% 10 84% 5 65% 10 85% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.  The cumulative frequency distribution of travelers’ route choice based on route rank and by mode and journey length 
Results pertaining to PT or taxi users clearly indicated that high percentage of travelers (i.e. 73%, 41%, 34% and 
48% of PT users who travelled within the range of 5-10km, 10-15km, 15-20km, 20-25km respectively and 75%, 
33%, 23% and 10% of taxi riders who travelled within the range of 5-10km, 10-15km, 15-20km, 20-25km 
respectively) travels along the routes which was recorded as rank-1 and rank-2 according to the MD. In contrast, the 
percentage of travelers who travels along the route which was recorded as rank-1 and rank-2 according to the GMD 
is low (i.e. 29%, 29%, 0% and 0% of PT users who travelled within the range of 5-10km, 10-15km, 15-20km, 20-
25km respectively and 49%, 15%, 11% and 10% of taxi riders who travelled within the range of 5-10km, 10-15km, 
15-20km, 20-25km respectively). Accordingly, the behavior of travelers’ who used PT or taxi cannot be explained 
by the Hiller et al. [21] claim, though it explained the behavior of travelers’ who used Car or MC. While we explain 
the travelers route choice based on MD, TD and GMD, how travelers explain the reasons for their route choice? This 
GMD MD TD GMD MD TD GMD MD TD GMD MD TD
1 59% 46% 45% 53% 23% 25% 56% 7% 24% 52% 5% 27%
2 61% 62% 46% 58% 27% 44% 59% 10% 45% 59% 8% 43%
3 69% 69% 56% 70% 41% 56% 66% 23% 47% 68% 10% 51%
4 75% 81% 59% 88% 43% 59% 77% 29% 56% 74% 21% 57%
5 93% 83% 64% 95% 50% 68% 83% 36% 67% 82% 22% 62%
6 100% 92% 81% 100% 51% 72% 92% 40% 74% 83% 28% 73%
1 48% 39% 26% 44% 15% 26% 48% 6% 37% 48% 2% 32%
2 59% 44% 44% 59% 21% 42% 57% 14% 46% 57% 17% 45%
3 70% 74% 85% 62% 37% 50% 62% 35% 57% 62% 24% 47%
4 94% 85% 89% 70% 41% 55% 69% 44% 59% 71% 32% 48%
5 100% 86% 91% 84% 52% 68% 75% 57% 62% 70% 37% 59%
6 100% 87% 100% 90% 54% 71% 77% 59% 64% 75% 41% 62%
1 32% 45% 32% 13% 19% 5% 3% 1% 7% 4% 4% 12%
2 49% 75% 57% 15% 33% 43% 11% 23% 23% 10% 10% 20%
3 59% 84% 89% 31% 55% 58% 26% 34% 31% 26% 26% 29%
4 66% 93% 94% 34% 67% 63% 35% 44% 41% 34% 34% 33%
5 69% 98% 96% 44% 75% 75% 43% 55% 54% 36% 36% 36%
6 72% 100% 100% 48% 81% 79% 49% 67% 65% 44% 54% 56%
1 13% 12% 29% 18% 16% 5% 0% 15% 0% 0% 21% 0%
2 29% 73% 45% 29% 41% 17% 0% 34% 0% 0% 48% 0%
3 35% 82% 91% 39% 64% 18% 3% 45% 1% 21% 59% 0%
4 38% 87% 93% 45% 69% 18% 37% 61% 5% 38% 65% 0%
5 40% 91% 95% 47% 71% 29% 39% 69% 8% 42% 69% 3%
6 42% 94% 100% 48% 75% 41% 42% 80% 9% 43% 83% 34%
30%> 10% 30-50% 35% 50-75% 47% 75%< 75%
Ta
x
i
PT
Mode
Ca
r
M
ot
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e
Average journey length 
5-10km 10-15km 15-20km 20-25kmRoute 
Rank
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was questioned during the survey of 250 respondents and the main reasons mentioned were travel time, cost, road 
condition, convenience and familiarity. The study attempt to interpret the route choices derived from computing 
MD, TD and GMD with the travelers responses (see Table-4).  
Accordingly, travel cost and the travel time as mentioned as the key determinant of the route choice of taxi and 
PT users. Convenient and familiarity are mentioned as the key determinant of the route choice of car and MC users. 
It is explained in literature that MD has direct relationship with cost and travel time compare to GMD and TD. 
Convenience and familiarity related with cognitive behavior (i.e. which has direct relationship with GMD and TD 
than MD) of human way finding. In supporting the claim on applicability of TD and GMD, Hiller et el [21] further 
mention that “although it is perfectly plausible that people try to minimize distance, their concept of distance is, it 
seems, shaped more by the geometric and topological properties of the network more than by an ability to calculate 
metric distances. In general we might say that the structure of the graph governs network effects on movement and 
how distance is defined in the graph governs cognitive choices”. Though the route choice of car users and mortar 
cyclists substantiates this claim the validity becomes less prominent when reference to taxi and PT users who 
consider the travel time and cost the most. 
Table 4. Percentage distribution of travelers’ responded as per key reasons to select a route by mode of travel. 
Key reason to select route % of travelers’  by Car % of travelers’  by MC % of travelers’  by Taxi % of travelers’  by PT 
Travel time 13.6% 13.9% 38.5% 25.5% 
Travel cost 13.2% 11.8% 24.6% 49.3% 
Road condition 10.9% 06.6% 18.9% 04.3% 
Convenience 42.1% 44.6% 09.7% 07.6% 
Familiar road 20.2% 23.1% 08.3% 13.3% 
3. Conclusions and recommendations 
The main objective of this study was to explain the relative importance of MD, TD and GMD in determining the 
route choice behavior of travelers by mode with reference to motorized movements. In order to accomplish this 
objective, the number of travelers (who used motorized modes) compared with the route ranks which obtained based 
on MD, TD and GMD. Study is based on data which has traced the travelers’ actual movements by using mobile 
GIS applications. A split of four modes (Car, MC, Taxi and PT) was considered discussing the route choice of 
travelers’. MD, TD, and GMD have been calculated employing space syntax tool within a GIS environment. In order 
to identify the measure which best represent the route choice, route ranks of three methods were compared with the 
actual number of travelers who have chosen the given route. For this purpose, this study has compared the 
movement tracks obtained by 250 travelers (3,091 tracks) with the MD, TD and GMD values. First level of 
comparison was undertaken without considering the modal split, second level with considering the mode of travel 
and third level with considering both mode of travel and journey length. Results revealed from this study can be 
summarized in three points as follows. First, the results indicated that, 23% of travelers’ has traveled on the route 
which was selected as rank-1 according to the GMD whereas only 13% has traveled on the route which was selected 
as rank-1 according to the MD. Second, the results pertaining to car or MC users, the results clearly indicated that 
high percentage of travelers who travels along the routes which was recorded as rank-1 according to the GMD. In 
contrast, the percentage of travelers who travels along the route which was recorded as rank-1 according to the MD 
is low. This phenomenon is further strengthened with the journey length. These two points are in line with works of 
Hiller et al. [21] as well as Dalton [13], Duckham & Kulik [14], Hochmair & Frank [15].  They have interpreted that 
human beings perceive the space mostly from geometrical and topological views rather than metric distance and the 
space is locally metric and global topo-geometric.  
Hence, it can be concluded that, all three measures are important in explaining the route choice but it is more 
appropriate to consider geometric perspective in case of travelers’ who use Car and MC whereas metric perspective 
in case of travelers who use PT and taxi. Accordingly, this study suggests that GMD factor which is currently not 
represented in practice can be added as a key attribute in route choice modeling and travel demand in traffic 
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simulation and developing navigation systems. This offers the potentials of improving travel demand models’ and 
navigation systems accuracy and reliability while simulating more human like routes. 
The current study examined only impact of shortest distance in terms of GD, TD and GMD. An essential 
extension of this study would necessitate extending the research in future to incorporate network centrality 
characteristics which are significantly influenced by topo-geometric aspect of distance. 
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